The electrocardiographic diagnosis of myocardial infarction of the posterior wall is often missed because it is largely dependent on lead aVF and because this electrode position often does not subtend the diseased myocardium. To remedy this defect, a new method is described unipolar left back leads. The validity of this method in registering potential from the posterior left ventricular wall is discussed as well as its importance in the diagnosis of myocardial infarction of the posterior wall. Left back leads can illuminate the significance of questionable Q waves.
The electrocardiographic diagnosis of myocardial infarction of the posterior wall is often missed because it is largely dependent on lead aVF and because this electrode position often does not subtend the diseased myocardium. To remedy this defect, a new method is described unipolar left back leads. The validity of this method in registering potential from the posterior left ventricular wall is discussed as well as its importance in the diagnosis of myocardial infarction of the posterior wall. Left back leads can illuminate the significance of questionable Q waves.
T HE VALUE of unipolar electrocardiographic leads taken from the anterior chest wall is well established. Posterior chest leads, however, are not usually employed because adequate systematic knowledge about them is not available. The greater distance separating the posterior chest from the heart might lead to the a priori assumption that back leads would not have sufficient "semidirect" relationship to the myocardial surface. This, in fact, was the conclusion of a recent study of back leads.' This view has lead to the use of esophageal leads as a semidirect approach to the posterior surface of the heart. [2] [3] [4] [5] [6] Aside from the obvious technical difficulties in using these leads, there is the further drawback that only a narrow portion of the heart is explored.
Wolferth and associates6' have studied the distribution of ventricular potential in leads taken from many regions of the body surface and showed that distance merely reduced the amplitude while the pattern remained faithfully reproduced. In their fundamental studies correlating electrocardiographic with postmortem findings in myocardial infarction, Myers and co-workers' found that posterior myocardial infarction was most frequently missed and that the horizontal position of the heart contributed heavily to this failure. In 35 cases of necropsy-proven posterior infarction in hearts situated in the horizontal or semihorizontal position, 22 (63 per cent) showed a normal rS complex in lead aVF. In 75 cases of proven posterior infarction with the heart in intermediate to vertical position, the electrocardiogram was negative in 16 (21 per cent). The failures were found almost entirely in patients whose lesions did not involve more than one third of the posterior left -ventricular surface. In a necropsy study, Levine and Phillips'0 also noted that in 29 cases of old and recent posterior myocardial infarction 13 (45 per cent) were not diagnosed by the electrocardiographic studies.
Continental workers have attempted to increase the accuracy of diagnosis by using uncoinvenitionial bipolar lead positions. Nehbl employed precordial position 7 and the second intercostal space just to the right of the sternum, while Slapak and Partilla'2, 1 ' used several points in the second intercostal space between the left sternal border and the anterior axillary line together with precordial position 7 1. An early group of back tracings were taken with the subjects in the sitting position. Later it was found that somatic tremor was less troublesome when the subject was prone and the majority of tracings were taken in this position. Some acutely ill patients found it difficult to assume the prone position, and it was necessary to take the back leads while these patients were lying on their right side. In addition to the back leads, the usual 12 The cavity pattern is clearly distinguished from the transition pattern since the first appearance of an R 1wave as the electrode is placed more caudad marks the beginning of the transition pattern. Distinguishing the boundary between transition complex and epicardial complex raises a more difficult, problem since both consist of a Q wave followed by an R wave. The transition zone pattern is recorded when the electrode is in such a position that it is affected by the current from both the endo-(ardial and epicardial surfaces. It is apparent that as the electrode is shifted to a more caudad position relatively less of the endocardial and more of the epicardial potential will be recorded; hence, the Q wave becomes smaller. Therefore, the cavity Q wave must be distinguished from the small septal Q wave. This same problem is present in evaluating esophageal and a\& leads. The form of the P and T waves has been used as a clue in determining when the electrode no longer faces any portion of the cavity. There are possible errors in the use of such clues, as will be discussed later.
Myers and co-workers,9' 16 in evaluating the diagnostic significance of the Q wave in standard lead III and in aF, (chose the following limits for a septal Q wvave in aV,: Q should not exceed 25 per cent of the voltage of R and should be less than 0.03 second in duration from onset to nadir providing the total voltage of the QR wave is 0.5 mm. or greater. These criteria seem adaptable for separating the transition Q from the septal Q in back leads. As a rule in normal subjects there was either no1 change in the ratio of Q to R, or only a slight and gradual reduction in the relative size of the small Q below the highest level (most cephalad) at which it may be classified as septal. On the other hand, above this level a majority of the records showed a much deeper and wider Q. MIyers~' had also noted that the duration and size of the septal Q wave is greatest near the base. This is the ground for the belief that the basal portion of the ventricular wall is activated last.
RESULTS

A. Normal Subjects
The highest (most cephalad) levels in the left back leads in which the QRS complex reflected the epicardial potential was determined for the various heart positions. All the tracings taken on the posterior axillary line presented epicardial complexes. The tracinigs from the Sc and Sp lines showed variation inl the level of transition from cavity QRS to epicardial QRS complex (table 1) .
IIn the eight subjects with vertical position this transition was found between spinous level 6 and 10. AMost of the cases showed the transition at Sc8 and Splo. Figure 2 illustrates the vertical position. In the 16 subjects with horizontal hearts 14 presented epicardial complexes at Sc2; the other two did so at Sc4. The Sp line was slightly more variable but ill 10 subjects the transition occurred at Sp2 an'id SP4. In one example cavity Q waves were seen as low as SP12. In the Sp line of four subjects in the group with horizontal hearts the Q wave became relatively deeper compared with the It wave at levels below the epicardial transition. These were the only instances among normal subjects inl which the Q wave became relatively larger as the electrode was moved caudad along a vertical line.
Twenty-seven subjects were included in the groups with semivertical, intermediate, and semihorizontal positions. In 20 subjects the transition was between Scs and Sclo while inl 16 subjects the transition was betweeni SP6 and Splo. There was some tendency for the tranisi-tion point to become higher on the scapular line and lower on the spinous line as the position became more horizontal. Some of the group with semivertical hearts showed low transition levels. It might be anticipated that if more examples of vertical hearts were studied, lower transition levels would be found in this group also.
The most consistent findings in the normal subjects were: (1) the presence of epicardial complexes in all the posterior axillary leads; (2) epicardial complexes at and below Sp4 and S C4 in subjects with hearts in the horizontal level there were many exceptions. Therefore, the P wave is not a reliable guide for determining the transition from cavity to septal Q. Table 3* compares the level at which the Q wave meets the criteria of septal origin with the level at which the T wave becomes upright and at least one-tenth the height of Ii or at least 0.1 mv. in amplitude. There was only a small tendency for the T-wave change to occur at a higher level than the Q-wave change. In no instance did the T wave become upright more than two vertebral spine interspaces higher than the Q wave became septal. There To test the usefulness of the P wave as a guide to the evaluation of the Q wave, the level of transition to an infra-atrial P was compared with the level at which the Q assumed the characteristics of a septal Q defined above (table 2).* Only normal subjects showing clearly defined P-wave transition levels were tabulated. The P wave was considered to be infra-atrial when it was entirely upright without an intrinsic deflection and with approximately equal ascending and descending limbs. It is apparent from table 2* that while commonly the P and Q waves changed at the same * Tables 2, 3 , 4, 5, 6, 7 and 8 are omitted at the request of the Editor. They will be furnished on request.
were many examples of persistence of an inverted T after the Q wave had become septal. This was especially true with hearts in the horizontal position. The T wave, like the P wave, is not a reliable guide for determining the transition from cavity to septal Q.
Lead aVF is known to record the potentials from the diaphragmatic surface of the heart and loosely this is considered to represent the posterior surface of the left ventricle. The degree to which it actually does record this ventricular wall depends on the position of the heart. It showed an abnormal Q in aVF, they also recorded an abnormal Q in all back leads below the highest level indicative of inifar(ctioni. In a substantial number of our cases, Q waves caused by infarcts were found on a large area of the back and may be presumed to indicate a large area of infarction of the posterior ventricular wall. The size of the infarct, of course, could not be ascertained from a\F.
The area of infarction not reflected in aVF was evaluated in a manner analogous to the estimation of unrecorded ventrictular surface in the subjects with normal or hypertrophied hearts. The results are shownl in table 8.* In 19 subjects with hearts in a horizontal and semihorizontal position in whom infarction could be diagnosed by the Sc leads, 18 showed extension along the Sc line heyond the area reflected in a\'F. In1 six, the utnrecorded portion of the infarct projected for two spinolUs intercostal spaces; in seven, for four intercostal spaces; and in six, for six intercostal spaces. The Sp line showed more variability since there were four instances of 8 to 12 unrecorded intercostal spaces of infarction. However, since some of the normal subjects with horizontal hearts showed abnormal Q waves in the Sp line, the evidence points to the Sp line as being less dependable than the Se line. In patients with hearts in the intermediate position, more of the infarcted area was reflected ini aYF.
In both Sp and Sc lines, 4 out of 1 cases had more than two unregistered initercostal spaces exhibiting infarction.
C. Correlation with Esophageal Leads
Five patients with definite evidence of posterior inifarctioni were studied w ith both back leads and esophageal leads at 2.3 to 5.0 cm. intervals. The latter leads also demonstrated the infarct. In patient L.S. (fig. 5 ) the esophageal leads give the impression of a high posterior infarct beginning just inferior to the atrium, while the back leads give the impression of normal muscle just inferior to the atrium with the infarcted area at a lower level. This is best seen in Sc6. While it is possible that esophageal leads taken at closer intervals might have shown normal epicardium between atrium and infarcted area, it is noteworthy that this was not found in the five cases studied. On the other hand, the back leads in all five cases did show a transition from normal to infarcted epicardium. Because of disagreement in interpretation of the esophageal leads4 in this region, we are unable to correlate the esophageal with the back lead findings with regard to the more exact localization of the infarcted area.
Two patients in whom the back leads did leads showed serial evidence of infarction as illustrated in the following summary:
Patient M. L., 65 year old male, is illustrated in figure 6 . He was first seen on June 9, 1951, about 90 minutes after the onset of severe substernal pain radiating to the left shoulder precipitated by attempting to chop down a tree.
The infarction earlier than the classic leads because the back leads subtend the infarcted legion.
DISCUSSION
In this investigation of the left back leads, a major problem was the differentiation of the cavity Q waves from Q waves caused by infarction. This necessitated a study of the back leads in normal and abnormal hearts in various electrical positions. Figures 2 and 3 illustrate rather typical findings in left back leads in vertical and horizontal hearts. In the vertical heart ( fig. 2) , both Sp and Sc leads show a recognizable progression from cavity to transitional to left epicardial complexes. Leads SP2 and Sc2 subtend the cavity in the same manner as lead aVR, and accordingly, these complexes closely resemble each other. Leads septum as noted inl SPI2 and Sc12. This transition from left to right venitricuilar complexes resembles that seen in the precordial leads. Figure 3 also demonstrates for the first time that the rkS complex seen inl aVF in horizontal hearts is also transmitted to the left lack leads so that the right ventricle not only rests on the diaphragm but also points posteriorly.
With the exception of the horizontal heart position, the transition from cavity to epicardial complexes occurs at varying levels in the other electrical positions. Heice, the significance of the Q wave must be evaluated by comparing the various back leads inl a given individual. The registration of a deep, wide Q wave at any given back position may not be indicative of infarction. However, once the transition to a septal Q wave is recorded the finding of a cavity-like Q wave at a lower level in the same line is abnormal. This type of evaluation is similar to the interpretation of a small or absent R wave in lead V3. With sufficient clockwise rotation, V3 normally records a cavity complex and a small or absent R wave is expected. However, if the same patient had a definite R wave in lead V2, the absent R in V3 is abnormal. There were four exceptions to this empiric finding, all in the Sp line in normal hearts in the horizontal position. In these patients the depicted in figure 7 . In figure 7a the plane of the base of the heart is almost parallel to the Sp line so that cavity or transitional complexes are noted in both high and low Sp leads. As the apex rotates more posteriorly ( fig. 7b) the plane of the base of the heart faces more anteriorly so that the Sp line does not "look into" the cavity and epicardial complexes are registered. This is also illustrated in figure 3. When the superior portion of the base lies more medially than the inferior portion ( fig. 7c) The four exceptions ill the normal horizontal hearts may fit into the concept diagrammed in figure 7c.
In the 112 patients studied, the left back leads obtained ill normal hearts and in those with the various cardiac lesions record with surprising fidelity (except for voltage) not only the QRS complexes but also the ST-T changes of left ventricular hypertrophy and/or strain ( fig. 4) , and in one patient digitalis effects ( fig. 8) . The back leads also register a considerable area of the posterior left ventricular surface not recorded in aVF, especially in the semihorizontal and horizontal heart position.
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It should also be noted that only minimal changes occur in the aV leads in the supine or prone posture so that this posture hardly influences the cardiac electrical position.
Margo and Foscarinil were unable to correlate posterior chest leads with anatomic or clinical conditions and felt that the exploring electrode is so far distant from the heart that cavity and epicardial potentials cannot be distinguished. These authors used leads on a plane with V6 equivalent to our PAlo, Sclo, and Splo plus Scio on the right back. Their leads, limited to a horizontal plane in the back, do not permit analysis of transition from cavity to epicardial complexes which is the basis of our study. Our study shows that multiple leads along a vertical line in the back are necessary for proper interpretation. Also, our evidence indicates that left back leads are semidirect leads and yield localized information about the posterior heart surface.
The criteria of Myers9' 16 for infarction Q waves in lead aVF is supported by his necropsy data. The finding in the back leads that the Q wave becomes progressively deeper (and occasionally wider) as the electrode is moved caudally on a vertical line, even though the largest Q wave may fall short of satisfying Myers' criteria, is highly suggestive of myocardial infarction, and particularly so in the Sc line. This has been seen in patients with clinical and electrocardiographic evidence of posterior myocardial infarction. However, postmortem correlation is necessary for confirmation.
From the results in our five cases of myocardial infarction studied by both esophageal leads and left back leads it would appear that the former tend to record deep Q waves over a relatively wider area than the latter. This may lead to the false diagnosis of high infarcts by esophageal leads and perhaps prevent the diagnosis of such infarcts by the back leads. The esophageal leads are limited to one vertical line and may leave much of the posterior surface unexplored. The back leads do not have this limitation. When a heart is in the horizontal position, the esophagus may be in a particularly disadvantageous relationship to the ventricle. The esophageal electrocardiogram will represent chiefly the uppermost base of the ventricles and the proximity of the A-V groove could lead to errors in interpretation. This is suggested by our finding that the Sp line is unreliable in horizontal heart position and this line roughly parallels the esophagus.
The criteria for the diagnosis of posterior infarction in the back leads may well be applied to studies with esophageal leads. The significance of a deep Q wave cannot be based solely on the form of the accompanying P wave. That this is true for the esophageal leads has been recently demonstrated by Sandberg and associates5 and our results with back leads tend to be confirmatory. That rigid application of the P-wave criterion can lead to apparent over-diagnosis of high posterior infarction is illustrated in a recent report by Benchimol and co-workers.18 Their cases 9 and 10 were presented as diagnostic of infarction although there was only a rather vague past history and no other objective confirmation. Their cases showed moderately deep, narrow T waves for 2.5 to 5 cm. below the level at which the P lost its intrinsic deflection. However, in each case the T waves became progressively smaller as the recording electrode moved from the cavity to the transitional to the epicardial zones. From our study of left back leads, we would consider these cases as showing a normal tendency for transition of the Q wave at a slightly lower level than the P wave rather than indicating infarction. Neither the P wave nor the T wave may be reliable guides for 3. In right and left ventricular hypertrophy changes similar to those seen in the conventional leads are recorded in the back leads. 4 . In all 36 cases of posterior myocardial infarction established clinically and by conventional electrocardiographic leads, the back leads also showed the infarct. In addition, the back leads showed the transition from unaffected posterior ventricle to the area of infarction (that is from septal Q to infarct Q), and thereby allowed some estimation of the size of the infarct. In some patients clinically suspected of myocardial infarction, in whom the conventional leads did not clearly demonstrate the infarct, the left back leads offered specific evidence of infarction.
5. In every electrical heart position, most of the normal and abnormal patients presented some posterior epicardial surface hidden from lead aF. This electrocardiographically unrecorded area is least in the vertical position and most in the horizontal position.
6. An interesting finding in the back leads, noted for the first time, was a transition from left to right ventricular complexes in horizontal hearts in either normal subjects or patients with left ventricular hypertrophy. This may be comparable to a similar transition seen in the precordial leads.
7. A concept is advanced that progressive deepening of the Q wave as the lower left back leads are recorded may indicate myocardial infarction just as well as the accepted criteria for an abnormal Q wave in lead aVF. Thus, the significance of questionable Q waves in lead aVF, upon which the diagnosis of posterior myocardial infarction usually depends, can be better evaluated by means of the left back leads. 
